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Introduction
The value of managing people with type 2 diabetes mellitus (T2DM) through early initiation of a goal-oriented strategy with intention to treat to target is undisputed. 1 Regular review is an essential prerequisite for such a treatment strategy, which not only gives an opportunity for reinforcing and supporting people with T2DM to gain confidence and competency in self-care, but also gives health care professionals an opportunity to adjust current medication or introduce additional therapies in a timely manner if treatment targets are not achieved. This approach may improve glycemic control and reduce associated microvascular complications due to prolonged periods of poor glycemic control. 1 Failure to treat to target has been attributed to clinically significant apathy, leading to a negative impact on self-care behavior in people with diabetes without depression 2 as well as clinical inertia on the part of health care professionals. [3] [4] [5] Interventions that support nonspecialist providers of care and address both issues have been shown to improve outcomes in primary care. 6 The World Health Organization has developed tools for implementing an innovative care for chronic conditions framework, 7 which consist of four components of proven efficacy: self-management support, delivery system design, decision support, 8 and clinical information systems.
Despite a successful nurse education program with overseas partners, creating a core group of trained health professionals qualified to provide telephone support and provision of guidelines, [8] [9] [10] multidisciplinary working has remained an underutilized resource. However, there is clear evidence that such inputs improved patient education coverage and staff compliance with benchmarks such as screening for blood pressure, foot examination, eye examination, checking and treatment of lipids, and testing microalbumin, glycemic control, and blood pressure. 11 We used a database integral to the electronic health record system to evaluate the impact of the decision support system on diabetes care by assessing improvements to glycemic control in patients managed with and without a decision support system.
Patients and Methods
We used an electronic medical record (EMR) that provided audit information on the process and results of care for all patients attending health care institutions where the system was deployed (EMR and decision support prompts were developed by Sajith Gunawardena as part of a university project through SS Technologies Ltd., Panadura, Sri Lanka).
This study included data from a cohort of 875 patients [471 (53.8%) males], mean age 54.3 [standard deviation (SD) 13.1] years, with T2DM and mean glycosylated hemoglobin (HbA1c) 7.5 (SD 1.6) who were discharged from specialist care by an endocrinologist in a community clinic based at a general practitioner surgery facility to the care of a team of general physicians practicing outside the hospital (internists in primary care) who replaced the endocrinologist in the community clinic. Hence this is an opportunistic retrospective study of unselected patients.
Electronic medical records are not routinely used in Sri Lanka. The clinic described in this article is the first in the country to use an EMR. The development of an EMR within the country, purchase and maintenance of computers, and training of health care staff were funded by charitable donations. Further grants supported salaries of medical staff at a not-for-profit health center.
A total of 342 patients (39%) were managed by six general physicians (internists) with access to the decision support system, and the remaining 533 by five general physicians (internists) without access to the decision support system. Follow up was conducted for 84 months. The transfer of care from specialist to generalist was only for patients with T2DM with no evidence of retinopathy; nephropathy; neuropathy; established coronary, peripheral, or cerebrovascular disease; or chronic kidney disease. Patients taking off-license medication combinations of insulin and oral agents concurrently and patients with comorbidity requiring specialist expertise remained under specialist care and were transferred to specialist clinics. No prompts were available before the current comparison. We chose to compare outcomes between use of the system versus no use of the system rather than use historical comparisons of endocrinologist alone versus nonendocrinologist with prompt.
The EMR administrator support system included provider reminder systems and patient reminder systems that prompted administrative staff to contact patients to attend appointments and to have regular monitoring. 8, 9 The triggers for causing the decision support rule to be applied included HbA1c above 7.5% or absence of recent value within the past 3 months, failure to document retinopathy screening, high body mass index, high waist circumference, elevated blood pressure or absence of record within the past 3 months, failure to document annual dietetic review, and failure to document annual podiatry screening. The input data were entry of abnormal value or failure to enter value of triggers into the patient record. The intervention through clinical decision support was achieved through a series of prompts that directed health care professionals to use established guidelines and permitted deviation from guidelines but held them accountable. As such, the system was not an autopilot that took over from a health care professional but offered them support in guiding them to relevant guidance in the form of professional society guidelines. There was no direct prompting of patients, but users were encouraged to use the graphs provided to explain the decision making process to patients whenever changes were made to treatment. Choices were offered in terms of single mouse click options to refer patients to the appropriate clinician, to change medication dose, or to notify when maximum dose was reached.
The decision support system facilitated access to clinical data by providers and consumers to enhance both provider education and the promotion of self-management among people with diabetes. It contained prompts to review and change medication if targets were not reached. These prompts were placed in the form of a care bundle of attention to glycemic control, screening and management of comorbidities such as vascular risk, screening for complications, control of blood pressure, referrals to dietetics, and foot screening. The system permitted variance from treatment pathways, but it was possible to audit any variance such as not adjusting medication, where clinically appropriate, if HbA1c was elevated. It included a graphic tool that enabled patients to track HbA1c progress through visual representation of data and to view their progress. The system encouraged multidisciplinary working by encouraging patients' engagement in self-care and prompted medical practitioners of the need for inputs from dietitians, educators, and, where relevant, specialists, and for standardized management practice outlined in national guidelines. 10 The decision support offered was modeled on the intensive care practice of using bundles of care and high-impact interventions. The measures were grouped as a collection of interventions (e.g., checking microalbumin, podiatry screening, retinopathy screening, checking blood pressure) to be applied to the management of T2DM and regarded as unit of care that must be adhered to in an "all or none" approach 12 unless variance could be justified on the grounds that tight metabolic control was not in the patient's best interests. Concordance with the bundle was assessed on the basis that all the components (changes to glycemic medications; use of statins, aspirin, or antihypertensives; referrals for screening where relevant) were utilized in all patients.
We retrospectively evaluated the effect of deployment of the decision support system by comparing two groups of patients deemed to benefit from tight glycemic control within the same geographical area attending a not-forprofit clinic during the development phase of the system. One group of health care professionals had access to the decision support.
We compared this group with those attending the same clinic managed conventionally by health care professionals who used the EMR and administrative functions for appointments and recall but did not have access to the decision support functions. Those not having access to the electronic decision support had access to paper copies of booklets of guidelines, but the doctors did not receive electronic prompts. There was no difference in training, experience, or qualification between community-based doctors who were general physicians engaged in community/office-based practice, and no one was a specialist endocrinologist. All patients' HbA1c data were available on the electronic health record for both groups. Both groups of doctors received provider education in the form of educational workshops, meetings, and lectures and educational outreach visits and distribution of educational materials.
The HbA1c was measured at each clinic visit. These were scheduled at 3 months, but where patients do not attend, the interval was longer than 3 months. All patients did attend four times per year, but the HbA1c tests were not performed quarterly in these patients (as it would be pointless to do HbA1c testing more frequently). Venipuncture was performed at a community-based nonhospital clinic (office-based practice), and the laboratory measurement was performed at a hospital clinical pathology laboratory.
Statistical analysis was performed using Students t-test and Chi-squared test.
The data on patients held in the electronic database maintained by the Endocrine and Metabolic Disease Trust Sri Lanka 9 was made available for research after anonymization and removal of patient-identifiable data, in keeping with institutional guidance on anonymized data, and was approved by the database regulator. There were no differences in the proportion of patients reaching target level of HbA1c below 7.5% between those receiving decision support and those not receiving decision support at inception (57.3% versus 60.6%; Chi square = 0.94; p = not significant) and at 1 year (62% versus 58%; Chi square = 1.27; p = not significant), but there were significant differences at 2 years (71.6% versus 50.1%; Chi square = 39. 
Discussion
Management of glycemic control in people with T2DM is complex and involves a combination of adherence to both lifestyle changes and concordance with pharmacological interventions. In addition to glycemic control, managing T2DM requires an integration of managing comorbidities and preventing such comorbidities. All this requires interaction with many health care professionals for screening and visits due to any intercurrent illness. Some evidence exists to support individual components, 6, [13] [14] [15] which are incorporated into routine practice and are considered a part of a health care delivery package or bundle in diabetes services.
Unfortunately, randomized double-blind controlled studies of multiple interventions are scarce, as there are major barriers to determining details of potential synergy between these interventions, including the complexity of study design, large sample size, and long duration of follow-up required. Hence, we attempted to address this issue by retrospectively analyzing data from a historical cohort of patients using a case control model, where exposure to the system was considered as a case and nonexposure a control, and by considering the process of combining many interventions in a care bundle, as has been the case with evaluating interventions in intensive care settings. 12 The use of a decision support system linked to an electronic health care record showed benefits in adherence to clinical care pathways and achieving significant reductions in HbA1c and glycemic burden with improvements in treatment target rates. The changes in HbA1c showed marked differences in the groups.
Our results are comparable to randomized nonblinded studies of clinical decision systems that have resulted in improved glycemic control. 16 Holman and coauthors demonstrated that, in the United Kingdom Prospective Diabetes Study, the sustained "legacy effect" of initial tight glucose control resulted in a reduction of risk of microvascular complications and emergent macrovascular disease, even when glycemic control deteriorated after the study. 17 The limited data we have do not permit detailed cost-benefit or cost-effective analyses. However, based on a comparison of achieving target HbA1c and reduction in HbA1c, extrapolation of our data to studies from Canada suggest that we would obtain similar results. The cost-effectiveness ratio achieved in Canada was $160,845 per quality-adjusted life year. 18 Studies on the effects of systems on physician behavior using commercially available systems showed smaller than expected improvements, 19 whereas our study showed significant improvements in both process and outcome. Evaluation studies of clinical decision support systems have assessed commercially available systems against a set of standards and concluded that successful systems were seen in sites that have developed systems themselves and not commercial systems. 20 The success of our system may be the result of its development by a team of clinicians and academic programmers working together.
Our conclusions should be interpreted with the caveat that they are from an opportunist, retrospective comparison of a historical cohort of patients using a case control model from a nonrandomized nonblinded study. We did not introduce any novel technology but assessed the role of prompting professionals through simple measures within the functional capability of many currently available EMR systems. Our work should be regarded as a proof of concept that prompting health care professionals can result in improving the process and outcome of care. The data should not be interpreted as results being applicable to a particular commercial system. We do not feel that we have merely evaluated a computer program, but that we have tested a concept. Wider implementation of the system beyond its current setting in a single clinic will require further evaluation and development in terms of long-term trials with a wider range of users in different health care settings. Factors such as availability of sustainable resources to develop and maintain knowledge bases of clinical decision support, ability to integrate with workflow of health care staff, availability of a sound financial basis, and requirement of such systems to obtain and maintain regulatory or accreditation status are likely to be major determinants of wider deployment of the electronic health record and the system more widely.
The prompts to adopt a multidisciplinary approach may have facilitated the improved referrals as well as nurse and dietitian involvement for which there is clear evidence. 13 The improved outcome may have been related to improved adherence. It is possible that the explanations about the significant HbA1c values and its reinforcement with graphic assistance in tracking HbA1c above the target level as part of the care bundle may have enabled patients to identify the need to reduce HbA1c and improve adherence. 14, 15 We conclude that decision support through directing clinicians to use available knowledge resources at the time of consultation enabled staged diabetes care to be delivered as a multifaceted intervention (within an organizational culture that respected the clinical freedom to assess patients individually, consider patient preference, and determine appropriate intensity of glycemic control and the need to use the bundle) and is a useful measure that supports clinical teams to treat T2DM effectively. The mechanism of action in this instance could be a combination of provider reminder systems, facilitated relay of clinical data to providers, audit and feedback, provider education, patient education, patient reminder systems, and financial incentives leading to promotion of self-management achieved through changes in culture within the organization and in people attending the service.
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